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米粒子，通过 SEM, TEM 等表征手段，确定所制备的纳米粒子是由二十
四个{10 3 0}晶面围成的完美的纳米晶。通过 STEM, EDS 等表征手段确
定所制备的纳米粒子由钯、铂两种元素所组成，且两种元素在整个纳米








































































Platinum-group metal nanomaterials are widely used catalysts applied in fuel 
cells, petrochemical industry and other important fields. But due to the high cost and 
limited reserve, to further improve their activity, stability and utilization efficiency 
becomes a key issue in related scientific areas. Fundamental studies of single-crystal 
model catalysts have demonstrated that high-index planes of platinum-group metals 
exhibit generally much higher catalytic activity and stability than those of the 
low-index planes, such as {111},{100}, and even {110}, because the high-index 
planes have a high density of atomic steps, ledges, and kinks, which usually serve as 
active sites for breaking chemical bonds. Besides, previous studies have demonstrated 
that platinum-group alloy nanoparticles show enhanced catalytic activities in 
comparison with pure metal nanoparticles. Therefore, the shape-controlled synthesis 
of platinum-group alloy metal nanocrystals bounded by high-index facets is a 
promising route for enhancing their catalytic activity and stability. It is, however, 
rather challenging to synthesize alloy nanocrystals that are enclosed by high-index 
facets because of their high surface energy and lattice mismatch. 
In this thesis, we have developed the electrochemical method to control the 
surface structure and composition of alloy metal nanocrystals, and successfully 
synthesized alloy nanocatalysts bounded by high-index facets. The study has 
illustrated the synthesized nanocatalysts exhibit high catalytic activity. The main 
results are as following: 
1. Tetrahexahedral (THH) Pd-Pt alloy nanocrystals have been firstly prepared 
by the developed electrochemical method. The surface of the THH Pd-Pt nanocrystals 
is identified as {10 3 0} high-index facets through TEM measurement. And Pd and Pt 
elements distribute evenly throughout the nanoparticle by using EDS and STEM. The 
exact composition of the surface is determined by XPS and in situ FTIR, which show 
that the composition of surface is consistent with that of the bulk except a little 
segregation of platinum on the surface. For the electrooxidation of formic acid, the 













厦门大学硕士学位论文                                                                                                                                        摘要  
IV 
 
that of pure THH Pd nanocrystals and commercial Pt/C catalysts, respectively, in 
terms of peak current density of forward scan. In addition, the peak potential of alloy 
THH Pd-Pt nanocrystals shifts negatively obviously in comparison to that of pure 
THH Pd nanocrystals and commercial Pt/C catalysts. And at 0 V, which is the typical 
work potential of direct formic acid fuel cell, the current of alloy THH Pd-Pt 
nanocrystals is 11 and 22 times higher than that of pure THH Pd nanocrystals and 
commercial Pt/C catalysts, respectively. 
2. The alloy THH Pd-Rh nanocrystals have been successfully by square wave 
by the developed electrochemical method. By tuning the potential of growth slightly, 
we can obtain cubic alloy Pd-Rh nanocrystals. Rh is likely to segregate on the surface 
and the drive force is that the binding energy of Rh and oxygen is higher than that of 
Pd and oxygen and thus at the high potential of square wave, the formation of Rh 
oxide benefits the decrease of the nanoparticle’s surface energy. In terms of 
electrooxidation of ethylene glycol, the peak current density in the forward scan on 
alloy THH Pd-Rh nanocrystals is 1.5 times and 3 times higher than that of pure THH 
Pd nanocrystals and commercial Pd black, respectively. By using square wave 
potential, we also have synthesized other alloy nanoparticles, such as THH Pd-Au, 
TPH Pt-Au nanocrystals and so on. 
3. Using the square wave potential method, in the mixed solution of Pd and Cu 
precursors, we have synthesized alloy Pd-Cu nanocrystal with small quantity of Cu 
element bounded by high index facets. By the same way, Pd-Bi nanorods with high 
index facets have been synthesized successfully. We dealloyed part of Bi elements on 
the surface of the Pd-Bi nanorods by CV to increase the surfacePd sites. The test of 
electrooxidation of formic acid demonstrated that the dealloyed Pd-Bi nanorods show 
higher catalytic activity and stability the alloy Pd-Bi nanorods and commercial Pd 
black catalysts.  
4. We have explored the parameters of how to synthesize THH Pd nanocrystals 
with small diameters on gold grid. We have successfully prepared cubeocthedral Pd 
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nanocrystals whose diameters are just a little more than 10 nanometers. This method 
facilitates characterization of nanocrystals and is expected to synthesize successfully 
small nanocrystals with high index facets. 
This thesis inherited and developed the electrochemical method our group has 
developed to control surface structure and growth of metal nanocatalysts. We have 
prepared successfully alloy nanoparticles bounded by high index facets. By tuning the 
potential for growth slightly to make the etching weakly, we acquired cubic alloy 
nanoparticles. The as-prepared platinum-group alloy nanoctalysts enclosed by 
high-index facets exhibit high activity, which afford a new direction for the 
preparation of metal nanocatalysts with high performance.  
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